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The plan:

* | ecture I:

Transverse spin structure of the nucleon
Overview of past experiments

History of interpretation

Overview of present understanding

* Lecture Il

Transverse Momentum Dependent distributions (TMDs)
Sivers function
Twist-3

e Lecture Il

Transversity
Collins Fragmentation Function
Global analysis

* | ecture IV

Evolution of TMDs
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Semi Inclusive Deep Inelastic scattering

One can rewrite the cross-section in
terms of 18 structure functions

Each structure function encodes
parton dynamics via convolutions of
TMDs when factorization is applicable

Mulders, Tangerman (1995),
Boer, Mulders (1998)
Bacchetta et al (2007)

do
dx dy di> dz doy, ('ZP;?L

L2 02 2
@ Y ’ i ‘ - ; CcoSs @
— —— I+ — Foor+cFupr +V/2(1 4+ 2) cos oy, Frth
Ty Q? 2(1 —¢) ( 2117) { e L+ V2 ) cos o Fyyp

PR s O quol Nt 5"11“.3531
+2cos(20p) FLD 7" + Ae V/2(1 — &) singy, Fr ™ +...
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e+e- and Drell-Yan

2 G
« - N kKW B
\ // / \"\.‘\n—.,,_,i - e
\If'f\/\?v\jf j}ﬁvm\f\ /\u\:;' ;:f\/sm< >m
f‘l, ,Dl\“'q,\l\ p \ p

D S RS =

BA. A%

One can rewrite the cross-section of One can rewrite the cross-section of

e+e- in terms of 72 structure Drell-Yan in terms of 48 structure
functions functions

Boer, Jacob, Mulders (1997), Tangerman, Mulders (1995),
Pitonyak, Schlegel, Metz (2013) Boer (1999),

Arnold, Metz, Schlegel (2009)

4effergon Lab



TMD distributions

q 8 functions in
N U I_ T total (at leading

twist)

Each represents
different aspects of
partonic structure

Each function is to
be studied

4effer%on Lab



TMD distributions

q 8 functions in
N U I_ T total (at leading

twist)

Each represents
different aspects of
partonic structure

Each function is to
be studied

Unpolarised
distribution

transversity
Kotzinian (1995), Mulders, Tangerman (1995), Boer, Mulders (1998)
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TMD Fragmentation Functions

U L T
D, H,
Gy | Hi
B | G4 |Hy Hir

8 functions
describing
fragmentation of a
quark into spin Y2
hadron

Mulders, Tangerman (1995), Meissner, Metz, Pitonyak (2010)

4effergon Lab



TMD Fragmentation Functions

q U |_ 8 functions

describing

fragmentation of a
quark into spin Y2

T
U Dl Iﬁ hadron

N \
L xll‘\ HJ:EL mins FF

T~

i Unpolarised FF

Mulders, Tangerman (1995), Meissner, Metz, Pitonyak (2010)
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Twist-2 collinear PDFs

Quark-quark correlator can be decomposed by means of
3 Parton Distributions Functions (PDF) in collinear (kt integrated) case

®(z; P, S) = % {f1(33) P+ Spgi(z)ys £+ %hl(w)75[/8T7 /D]}

4effergon Lab



Twist-2 collinear PDFs

Quark-quark correlator can be decomposed by means of
3 Parton Distributions Functions (PDF) in collinear (kt integrated) case

(x; P, S) =5 {f1(33) P+ Spgi(z)ys £+ %hl(w)75[/8T7 /D]}

it

Unpolarised PDF
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Twist-2 collinear PDFs

Quark-quark correlator can be decomposed by means of
3 Parton Distributions Functions (PDF) in collinear (kt integrated) case

(x; P, S) =5 {f1(33) P+ Spgi(z)ys £+ %hl(w)75[/8T7 /D]}

it

Unpolarised PDF

Helicity distribution
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Twist-2 collinear PDFs

Quark-quark correlator can be decomposed by means of
3 Parton Distributions Functions (PDF) in collinear (kt integrated) case

B(a: Pw @) P+ S1:@)s P+ (@)l . ﬂ}
Unpolarised PDF

Helicity distribution

Transversity distribution

4effergon Lab



Unpolarised PDFs

1
Good knowledge of = 0- 19GCeV?
unpolarised _
Parton 08 - —— HERAPDFL.0
Distribution i B exp. uncert.
F i i |:| model uncert.
isug CCEIISI?Zd | |:| parametrization uncert. Xu, 4
0.6 -

-Jeffergon Lab



_of 4

Helicity distributions

are relatively well known

107

10

10

i
[

10

10

AT S

 x=0008 [x2048)

. ==0015 (x1024)

/_/r_',_A 2=0.025 (x512)
vt

2=0.035 (x256)
S N VR
: ’,’I/—»«——v——i‘!_", TR :
B J___.___u__,_,_’_,_Jf._H— 3=0125(x32) |
E T4 ] 3
. ot : H —— 3=0.175 («16) ]
- ; : o —— =025 (x8)
3 : s 4 | 3=035(e4) 3
I . | :
wj{ﬂ}
=+ EISS 3
C El43 .
: « BMC :
4 EMC i
Col I [ E I bl oyl u
Z 2 2
1 10 Q (GeV) 10

Helicity distributions

_|_ —_ —_

= wOA2EF L2
= x=0.000161 = ZEUS NLOQCD i

= i =t 002 ) )
= AU H1 PDF 2000 fit

] ’ & .|
- ' ¥, x=0.0005
=8 r‘:/:"\ (L O3 = HI 9400

La A LS

& HI dprel. ) W00

1 x=0L.0013 = FELS 9g/07

» BCDAS
L, melLArZ] B

! -r* ‘.‘;Hf"

atop B ER e =().052
By agr -

e s b ;

g mangma g ® iy B x=iliE

]

e g — mmgpetegenl g B g =008

\ -.-.,.-_-w__,..._._:-* sy 8 a=i13
Ayihele it 24
v -..---r-—l-tq-l-l_-_..'l.u.-_'_,:__._!_' il 18
gl . . 2
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Helicity distribution Transversity distribution

AT o

;#f{ }\ /{ ; BN l \

o F 'TT )

Distribution of transversely polarised
quarks inside transversely polarised
nucleon

4effergon Lab



Helicity distribution  Transversity distribution

(Pt o @ b

Boost and rotation do not commute — helicity and
transversity are different and difference a relativistic
effect

4effergon Lab



Helicity distribution Transversity distribution

AT o

;#f{ }\ /{ ; BN l \

o F 'TT )

2 005 . first data on transversity
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Helicity distribution Transversity distribution

AT o

;#f{ }\ /{ ; BN l \

o F 'TT )

2 005 . first data on transversity

2012: nundred points from HERMES , COMPASS and JLAB

4effergon Lab



Why difficult to measure transversity distribution?

1
Transversity in helicity basis | T,]) = T(H—) + 7|—))
ro b -
s s O
S T

4effergon Lab



Why difficult to measure transversity distribution?

1
Transversity in helicity basis | T,]) = T(H—) + 7|—))
ro b -
Lf{ﬁml — ,if%~al /ifﬁ—ﬂiw
s s O
S T

Chiral Odd!

4effergon Lab



Transversity distribution

Chiral Odd: it cannot be measured in Deep Inelastic
Scattering process

.
|

+ I -

Needs another chiral odd function to be measured

4effergon Lab



Transversity distribution

QCD Evolution: no gluon contribution in the evolution
K
+ _

hi(z, Q%) is suppressed at low T

JLab 12 is an ideal place to measure transversity — as
JLab explores high x region

4effergon Lab



Transversity distribution

Bounds on transversity distribution: The Soffer Bound

hi(z)] < 5 (fi(@) + 91(2))

DO | —

Valid at LO QCD, Barone 97, Bourelly et al 98

Valid at NLO QCD, Vogelsang 98

4effergon Lab



Transversity how to measure?

Transversity needs another chiral odd function to be
measured

Semi Inclusive DIS (SIDIS) Drell-Yan

.geffekgon Lab



Transversity how to measure?

Transversity needs another chiral odd function to be
measured

Semi Inclusive DIS (SIDIS) Drell-Yan

Collins fragmentation function Transversity or Boer-Mulders function

Hi (2,p1) ha () hi (2, k1)

4effergon Lab



Transversity how to measure?

Another way to measure transversity is via dihadron
fragmentation functions

SIDIS

I —

f hi(x)

Dihadron fragmentation function

4effer%on Lab



Transversity from SIDIS

First extraction in 2007, Anselmino et al 07

L
ASin((I)h+CI)5) X Z eghcll ® Hl !
o > eafi @D

4effergon Lab



Transversity from SIDIS

First extraction in 2007, Anselmino et al 07

L
ASin((I)h+CI)5) X Z eghcll ® Hl !
o > eafi @D

Two unknowns, transversity hi(x)
Collins Fragmentation Function Hi (2)

Fortunately information on H;i (z)is available from ete

1 1g
At e— X Zengq@)Hl_q
° > e2Di @ D}
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Transversity

Anselmino et al 09
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Transversity

— Soffer Bound

015V

L 4
L J
.*202
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e st 109 Comparison with models

- Soffer et al., (2002)

- Korotkov et al., (2001)

- Schweitzer et al., (2001)
- Wakamatzu, (2007)

- Pasquini et al., (2005)

- Cloet et al., (2008)

- Bacchetta et al., (2008)
- Anselmino et al., (2009)

WEm=-hn bl b=

d @’=24(GeV)
0.2 - | | | |

0.2 0.4 0.6 0.8 1

4effergon Lab




- Barone et al., (1997

Sarone st 29 Comparison with models
- Korotkov et al., (2001)

- Schweitzer et al., (2001)
- Wakamatzu, (2007)

- Pasquini et al., (2005)

- Cloet et al., (2008)

- Bacchetta et al., (2008)
- Anselmino et al., (2009)

WEm=-hn bl b=

0.6 Good agreement with
models in sign and size
of transversity.

High uncertainty
especially in high-x region

x hy(x)

d @’=24(GeV)
0.2 [ | | | |

0.2 0.4 0.6 0.8 1
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Tensor charge

Transversity is the source of information
on tensor charge

5q — / dz(h?(z) — hl(z))

Fundamental quantity

Caveat: no sum rules

4effergon Lab



1 - Anselmino et al (2013) h _
2 - Anselmino et al., Nucl. Phys. Proc. Suppl. (2009) dq =j dx ( h:‘(x) - h1q(x) ) e n S O r C a rg e
3 - Cloet, Bentz and Thomas, Phys. Lett. B (2008) 0

4 - Wakamatsu, Phys. Lett. B (2007)

5 - Gockeler et al., Phys. Lett. B (2005)

6 — He and Ji, Phys. Rev. D (1995) _ +0.18 _ +0.3
7 - Pasquini et al, Phys. Rev. D (2007) ®5u=0.39 -0.127 6d=-0.25 -0.1
8 - Gamberg and Goldstein, Phys. Rev. Lett. (2001)

9 - Hecht, Roberts and Schmidt, Phys. Rev. C (2001)

10 - Bacchetta, Courtoy, Radici, arXiv:1212.3568 — +0.16 _ 0.1
Aj5u=031*", 5d=-0.270"

JLab 12 data is going to

e i Tt improve our knowledge
. 2 of tensor charge
. 3 |
° 4
. 5 |
@ 6 @
. 7 L
- 8
. 9 |
~ 110 |
0.5 1 15 -06 -04 -02 O

ou od =




Tensor vs axial charges

Ag = ] dx(g?(x) + gl(x)) g = / dx(h(x) — hi(x))

Axial, DSSV Tensor, Anselmino
u 0.82 0.54
d -0.45 -0.23
S -0.11 0
sum 0.26 0.39

DSSV: De Florian, Sassot, Stratmann, Vogelsang (2008)
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Transversity from dihadron fragmentation

Torino's fit Anselmino et al 09

y o X pdy
Xy (x)- 4 hy* 00 x hy¥ 00+x h§¥ (%)

r 0.2
-
0.0 e b - 1

o !H;Hﬂj}’ o F=F {H'

_pAt . .
1[}4 2 1 1 L L

Bacchetta et al. PRL 107,012001 (2011) Bacchetta et al.,arXiv:1206.1836

4effergon Lab



Transversity from dihadron fragmentation

Torino's fit Anselmino et al 09

Uy oy X pdy
Xy (= 00 / \ X hy¥ 0+ h* (x)
0.6

0.5,
0.4 Preliminary ) Prelimina
3 0.4
0.3 1N {

L b l\ (e {H] L

0.01= 1
n'11n:~"-‘ 102 I 10 1 : :
l /‘ 10" 1
X
X
Bacchetta et al. PRL 107,012001 (2011) Bacchetta et al. ,arXiv:1206.1836

Good qualitative agreement of two methods of extraction
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How to measure Collins FF?

SIDIS e+ e-

y

Transversity & Collins FF Collins FF & Collins FF

Mulders, Tangerman (1995), Boer, Jacob, Mulders (1997)

4effergon Lab



SIDIS and e+e-

It is important to prove that the same TMDs enter in the convolution.
TMDs are known for process dependence, or “generalized universality”.
Sivers function that changes sign from SIDIS to Drell-Yan is a notorious
example.

Brodsky, Hwang, Schmidt (2002), Collins (2002), Kang, Qiu (2009)

Collins function (factorization functions in general) was shown to be
universal

Collins, Metz (2004)

Gamberg, Mukherjee, Mulders (2008)

4effergon Lab



Experimental data

SIDIS

HERMES

, PLB 2010

Egoosl T ++—
A AL AT U
NN I T
OEFﬂHL TRRRE +;++ AR
01F Lt
OFb-—f-7% -
[ s ++ _+'|'+++++_+++¥++ +

-0.05F

f

* [

'_'_'_'_'_'_:.....

COMPASS, PLB 2012

AP
A Coll

AP
Aton

e+ e-

BELLE, PRD 2012

<

0.2 | ozamma

0.15
0.1
0.05
0

-0.05 —

<

0.2 [ 0507

0.15
0.1
0.05
o=

-0.05 |-

0.2 0.4 0.

BaBar, 2013

6 0.8 0.2 0.4 0.6 0.8

I ] G AN = 2T A 7= 0¥ W
o1502] ApuL 7 r
vApuc
— —— e
—k— F ——
—— T e —— e e
- —f— R *_,_,_,_.—!—+ [ = »—9—‘_,;_:_7_‘
P!:—!—‘_y_l—!—' 4 LS 1 P
22180 R A 7 ol bbbt
Z1=[U.4-U.5 ) Jz1=10. B
—— | I i & ’_Y_‘_
——— e — N i =
e —— *—H+++ o i
e * ==t

02 04 06 08
Zy

Il 1 1 1 Il Il 1 Il
02 04 06 08 0.2 04 06 08
Z, Z,
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e+e- two methods and two observables

Alg thrust axis method

A1z o cos(¢P1 + ¢2)

Ao hadronic plane method

4effergon Lab



e+e- two methods and two observables

To cancel acceptance effects and radiative corrections
the following ratios are introduced

s Unlike sign :rtn~™ + 7 7™
AT X ———
Like sign:mT7nt + 717~

AUC Unlike sign:mtn~ + 7 7™
X
Charged :vtnt + 77~ +7tn— + a7t

4 sets of asymmetries

A12 7AUL A12 7AUC

4effergon Lab



Extractions: history

Yuan, Vogelsang (2005) Efremov, Goeke, Anselmino et al (2007)
Schweitzer (2006)
¥t
HlL (1/2)(2) at BELLE (b) DE 08l
T N T ‘ N
[ Collins F.F. e 0.2 B fa\v ] J::% T
0.067 \ Unfavored 01 - -\\‘ ] ﬂ_ 04
0.04} 0 i e | < 021
0.02 -0.1 j 7 ‘t:l'g 14
: 0.2 . S sl
0__ L ! : ! o I 0.3 - B E-: 0.6
0 0.2 04 , 06 0.8 1 B &
-0.4 I | [ T | ! O o4l
0 02 04 06 08 z e
P02
0

Anselmino et al (2008)
Anselmino et al (2013) update of the previous extractions
without TMD evolution

Sun, Yuan (2013) with TMD evolution
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Collins FF: models and expectations

Bacchetta et al (2008)

0.5

w—1m

+

String fragmentation
Artru, Czyzewsky (1998)

Many more models:

d | — Gooacet Bacchetta, Kundu, Metz, Mulders (2001)
R gj:z{ggeij | Amrath, Bacchetta, Metz (2005)

—~ 03] - Bacchetta, Gamberg, Goldstein,

Mukherjee (2007)

3

-

T 02F 7 Matevosyan, Thomas, Bentz (2012)
T = | etc
0.1 e N
e
0 [ — . | . | .
0 0.2 0.4 0.6 0.8 1

Same sign and magnitude

Schafer-Teryaev sum rule
Schafer, Teryaev (2001), Meissner, Metz, Pitonyak (2010)

1
SN [ M O ) =0
ho S, 70
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Anselmino et al (2013)

- HERMES data 2009, T 1,7

* COMASS data deuteron 2004, ot

?ﬂ-_
« COMPASS data proton 2013, 7T+, T

« BELLE data 2012, Ag, A1o

4effergon Lab



Anselmino et al (2013)

. N
. HERMES data 2009, 7,

- COMASS data deuteron 2004, 7T+, 7~ > 146 points

« COMPASS data proton 2013, 7T+, T P

- BELLE data 2012, Ag, A5 } 16x4 points

4effergon Lab



Anselmino et al (2013)

. N
- HERMES data 2009, 7,

- COMASS data deuteron 2004, ™' ,7~ >~ 146 points

- COMPASS data proton 2013, 7T+, T P

- BELLE data 2012, Ag, A5 } 16x4 points

We fit:

- U and D transversity
HJ—fa’U — HJ_u—nr""
* Favoured and Unfavoured Collins FF 1 — 1

+
Hf“nf = Hfd_”r

4effergon Lab



Parametrizations
Anselmino et al (2013)

Unpolarised distributions

hle k) = h@n p( <ki>)
= z ! exp | — P
D1(2,k1) = D1 )’”@i) P( <P2L>> DSS LO

(k%) =0.25 (GeV?)
(p1) =0.2 (GeV?)

Anselmino et al (2006)

4effergon Lab



Parametrizations
Anselmino et al (2013)

Unpolarised distributions

hle k) = h@n p( <ki>>
= z ! exp | — P
D1(2,k1) = D1 )’”@i) P( <P2L>) DSS LO

T\ Other choices are possible

(k%) =0.25 (GeV?)

(pL> = (.2 (GBV ) > Slgnorl,_ Bacchetta, Radici, Schnell (2013)
Anselmino et al (2013)

Anselmino et al (2006)
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Parametrizations
Anselmino et al (2013)

Transversity

1 | | *kj /(kj )T
Arglx k1) =3 NGOy + Aq(0) s GRV98LO
GRSV
ap _ qplat B
NG = N (1 = )P —
Collins FF
e P1/PD)
DSS LO

AYD, (2 p1) = 2N G(2)Dy/,(2)h(p 1) Ay

(y + )72
Cloy — NCY(] — )0
NE(z) =N (1 - 2) 750

4effergon Lab



Transversity
e*kj J{k 7

X Ag(x
(x) + Ag(x)]—F5— 0y

q/p

|
Arg(x, k) = 5 NELf

plat pP

NG s

= Ng;x"‘(l — X)

Collins FF

e P1/PD)
AYD, (2 p1) = 2N G(2)Dy/,(2)h(p 1)

sy +8)07

C(.) —
N §(2) = NSz e

V(1 —2)

hipy) = \/Z_GL—L e~ PL/M;
h

m(py)

Parametrizations
Anselmino et al (2013)

- \

ounds
Arg(e) < 5 (F(2) + Aq(a)

Fulfilled by construction

A D'T qT( pL) < QDW,-"(]("-'-[{J_)

Fulfilled by construction

Torino - Amsterdam

2py

ANDTL’/Q'T(zapL) A[HL(Z pl)
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Parametrizations
Anselmino et al (2013)

Transversity f b \

| e ) arameters
Arg(x, k )ZENT(X)[)" (x)+AC(x)]e : B
Tq\X, K| 7YV alp 1 </< o N,,T - > 4
(a + B)P N b
f]\fg(x) = Ng;x"‘(l — x)P - f B y
aB (k*)r =0.25 (GeV?)
Collins FF
. . e P1/PD) ~
- — =~ N7 - . A . C
AYDy iz, pr) = 2N 4 (2)Dy /4 (2)h(p 1) m(pl) Nfaw 7
an ) > 5
NC —NCvl— 5(7+5)W+5)
( ) ( ") ,}/'}/55 Mh -’

h(p,) = 2e “ewM | |

4effergon Lab




FITS

Anselmino et al (2013)

FIT I: BELLE 412, HERMES and COMPASS

FIT Il: BELLE Ao , HERMES and COMPASS

4effergon Lab



FIT I: BELLEA:2 , HERMES and COMPASS

Anselmino et al (2013)

021 1 y 0.05| 1
S Qu — /ﬁa
< 01} + - <
D L 4
Ot [0.5<2,<0.7] T [0.7<z,<1.0] 7 [0.5<2,<0.7] [0.7<24<1.0]
0.2} 1 ] 0.05}
B So ——]
< 01 B -+ . <T _ —— ’.ﬂ'#
?;;:f’k;ﬂ % Of 1
Or 0. 2.-,:z1 <0. 3] T 0. 3<z1 <0. 5] [0. 2<z1<0 3] [0. 3<z1 <0. 5]
02 04 06 08 02 04 06 08 02 04 06 08 02 04 06 08
Z Z Z Z

A({ZL and A(ljzo are fully compatible

4effergon Lab



FIT I: BELLEA:2 , HERMES and COMPASS

Anselmino et al (2013)

uc

0.2p 1 ] 0.05} T ]
3 ] %,—[
< 0.1} b1 ] < —F — W

%’; = of } -

Ot [0.5<2,<0.7] T [0.7<24<1.0] 1 [0.5<2,<0.7] [0.7<z4<1.0]
0.2} 1 ] 0.05}
=l 0
< o1} il ] < ; F};‘gizj
: I ot & 1
__
op 1 0. 2<z1 <0. 3] T 0. 3<:z1 <0. 5] [0. 2<z1<0 3] 0. 3<z1 <0. 5]
02 04 06 08 02 04 06 08 02 04 06 08 02 04 06 08
Z2 Z Z Zo
UL UC . , .
AO and AO are not included in the fit
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FIT I: BELLEA:2 , HERMES and COMPASS

Anselmino et al (2013)

%f

[0.5<2,<0.7] T [0.7<z4<1.0] 1
Iﬁl—%i :.-"'"—-"’#ﬂss

[0 2<z1 T 0. 3<z1< ]]

02 04 0.6 08 02 04 0.6 08

Zp

A(()JL and A(()JC

Zo

uc

vc

0.05}

0.05F

e |

g

[0.5<24<0.7] [0.7<z4<1.0]
— ! --,._ru-"'=-=-"=%
[O. 2-::21 <0. 3] [O. 3<Z1 <0. 5]

02 04 0.6 08 02 04 0.6 08

Zo

are not included in the fit

Still some tension in large-z region!

Zp
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FIT I: BELLEA:2 , HERMES and COMPASS

Anselmino et al (2013)

COMPASS PROTON HERMES PROTON

0.01 0.1 02 04 06 08 0.5 1 15 0 0.1 02 03 02 04 06 08 0.5 1
Xg z, Py [GeV] Xg z, P [GeV]

Good description of SIDIS data

.Jeffergon Lab



FIT I: BELLEA:2 , HERMES and COMPASS

Anselmino et al (2013)

NI = 0.4670%9 NT = —1.00+}55

Results are similar to 2008 a= 111408 B =3.64+3%0
NE, = 0.4970:20 NS, = —1.00%938
y = 1.067043 8 = 0.075408

M3 = 1.507309 GeV?

0.3¢ 0.2 e
__0.2¢ N [ Q%=2.41 GeV?
< 01} S
> o 0df ]
< OF = '
X : < |
-0.1¢} N |
5 or
AR N '
> [ S
jd : Q' -0.1f i
g '01 : 2
-0.2} N 2013 —— -
5 ] | 2008 --rreeeeee ]
_03 T | PR | L . s _02 MR DR BT BT
0.001 0.01 0.1 1 0 02 04 06 0.8 1
X z
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FIT Il: BELLE Ao, HERMES and COMPASS

Anselmino et al (2013)

FIT DATA SIDIS AL AUC AUL AUC

178 points 146 points 16 points 16 points 16 points 16 points
Standard parametrization Xon = 135 x> =123 x> =7 X’=53 Y2 =44 x: =139
Xior = 0.80 — T
Standard parametrization Yoo = 190 x> =125 x> =20 x> =12 @5 @
Xiop = 112 NO FIT NO FIT S

Almost no improvement even if AO is fitted
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FIT Il: BELLE Ao, HERMES and COMPASS

Anselmino et al (2013)

FIT DATA SIDIS AL AUC AUL AUC

178 points 146 points 16 points 16 points 16 points 16 points
Standard parametrization Xon = 135 x> =123 x> =7 X’ =5 Y> =44 X2 =39
Xior = 0.80 — T
Standard parametrization Yoo = 190 x> =125 x> =20 x> =12 @ @
Xiop = 112 NO FIT NO FIT o

Almost no improvement even if fitted

Probably we should try a different parametrization?

2*(1—2 =0 if z—1,>0 i
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Polynomial parametrization
Anselmino et al (2013)

New polynomial parametrization:

2((1 —a—b)+az+bz%) — 1 z—1
A

(many other choices were considered)

Among other advantages new parametrization can give us idea
on “theoretical” error due to parametrization choice.

4effergon Lab



Results, FIT Il and FIT IV

Anselmino et al (2013)

NI =0.361019

a = 1.06798

NE, = 1.00%299

a = —2.36f6:3§

M; = 0.671197 GeV?

NE = —1.00565"
B =3.66135
N§, = —1.0050:5

b =2.121901

1.12

FIT DATA | SIDIS Ay Al Ag" Af¢
178 points | 146 points | 16 points | 16 points | 16 points | 16 points
Standard
Parameterization | y2, = 135 2 =123 =7 =5 =44 2 =39
Xaor = 0.80 NO FIT | NO FIT
Standard
Parameterization | x&: = 190 | x2 =125 2 =20 2 =12 x2 =35 Y2 =30
X3op=1.12 NO FIT | NO FIT
Polynomial
Parameterization y%m = 136 Yg =123 Yg =8 \(2 =5 Y- =45 x~ — 39
Xd.ot = 0.81 NO FIT | NO FIT
Polynommnial
Parameterization yfuL =171 YQ =141 yg =44 \fg =27 YQ =15 \;2 =15
Xa o= 101 NO FIT | NO FIT

4effergon Lab



Results, FIT Il and FIT IV

Anselmino et al (2013)

NI = 0365013 NI = —1.0074"
a = 1067087 B =3.6623%
NE, = 1007590 NS, = —1.00%5 1
a=—236-12 b = 212106}

2 09 a2
M7 = 0.672590 GeV

FIT DATA | SIDIS Ay Al Ag" Af¢
178 points | 146 points | 16 points | 16 points | 16 points | 16 points
Standard
Parameterization | x2, = 135 Y2 =123 2=7 2 =5 vi=44 2 =39
X3op = 0.80 NO FIT | NO FIT
Standard
Parameterization | x&: = 190 | x2 =125 2 =20 2 =12 x2 =35 Y2 =30
X3op=1.12 NO FIT | NO FIT
Polynomial
Parameterization Yﬁm = 136 YQ =123 \,2 =8 \(2 =35 \2 =15 x- =39
Y2, ;=081 NO FIT | NO FIT
Polynommnial
Parameterization \fuL =171 yg =141 \Q =44 \Q =27 \2 =15 \'Q =15
Xa o= 101 NO FIT | NO FIT

Almost identical results if A1 is used in the fit

4effer%on Lab



Results, FIT Il and FIT IV

Anselmino et al (2013)

NI = 0365013 NI = —1.0074"
a = 1067087 B =3.6623%
NE, = 1007590 NS, = —1.00%5 1
a=—236-12 b = 212106}

2 09 a2
M7 = 0.672590 GeV

FIT DATA | SIDIS Ay Al Ag" Af¢
178 points | 146 points | 16 points | 16 points | 16 points | 16 points
Standard
Parameterization | y2, = 135 2 =123 =7 =5 =44 2 =39
Xaor = 0.80 NO FIT | NO FIT
Standard
Parameterization | x&: = 190 | x2 =125 2 =20 x2 =12 x2 =35 2 =30
X2, =1.12 NO FIT | NO FIT
Polynomial
Parameterization \?wb = 136 \2 =123 yg =8 \'2 =5 \2 =15 x~ — 39
Ydos = 0.81 NO FIT | NO FIT
Polynormial
Parameterization \(?L,L =171 YQ =141 \(2 =44 \(Q = 27 \'2 = 1% YQ = &
xg_o_f = 1.01 NO FIT | NO FIT

Description

of AO

is improved with polynomial parametrization
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Results, FIT Il and FIT IV

Anselmino et al (2013)

NI =0.361019

a = 1.06798

NE, = 1.00%299

a = —2.36f6:3§

M; = 0.671197 GeV?

NE = —1.00565"
B = 3.6623%
N§, = —1.0050:5

— ~+0.61
b = 2.12+061

FIT DATA | SIDIS Ay Al Ag" Af¢
178 points | 146 points | 16 points | 16 points | 16 points | 16 points
Standard
Parameterization | y2, = 135 2 =123 =7 =5 =44 2 =39
Xaor = 0.80 NO FIT | NO FIT
Standard
Parameterization | x&: = 190 | x2 =125 2 =20 x2 =12 x2 =35 2 =30
X2, =1.12 NO FIT | NO FIT
Polynomial
Parameterization \?wb = 136 \2 =123 yg =8 \'2 =5 \3 =15 x~ — 39
Ydos = 0.81 NO FIT | NO FIT
Polynormial
Parameterization \(?L,L =171 YQ =141 \(2 =44 \(Q = 27 \'2 = 1% YQ = &
xg_o_f = 1.01 NO FIT | NO FIT

Still tension between Aj

and A12

4effer%on Lab



BABAR PREDICTIONS VS DATA

FIT I, standard FIT IV, polynomial

0.4 T 0.4 I
03 | [0.4<z,<0.5] 1 [0.5<z<0.7] I [0.7<z4<0.9] ] 03 | [04<z,<0.5] 1 [0.5<z4<0.7] I [0.7<z,<0.9]
Ju 027} Ja 02} i =
< <
01} o1 F
0 oF L
0.4 0.4
03} [015<z1<0.2] 4 [02<z<03] § [0.3<zy<04] ] 03 b [0.15<z,<0.2] 1 [0.2<z,<0.3] 1 [0.3<z,<0.4]

4effergon Lab



BABAR PREDICTIONS VS DATA

FIT I, standard FIT IV, polynomial

0.4 T 0.4 I
03 | [0.4<z,<0.5] 1 [0.5<z<0.7] I [0.7<z4<0.9] ] 03 | [04<z,<0.5] 1 [0.5<z4<0.7] I [0.7<z,<0.9]
S 02f 1 b1 3¢ 027
<C - <
01 F o1 F
ot 1 ¥ ok
0.4 + + + + + + ' f ¥ ' t 0.4 [
03 p [0.15<z4<0.2] 4 [02<z4<03] § [0.3<z<04] 03 b [0.15<z,<0.2] 1 [0.2<z,<0.3] 1 [0.3<z,<0.4]
o 02}
53 2o 02}
< 3<1—
0.1 01k
02 04 06 08 02 04 06 08 02 04 06 08 02 04 06 08 02 04 06 08 02 04 06 08

Zy Zn Zn z, z, z,

Better description of BaBar (no fit) with polynomial parametrization

4effergon Lab



RESULTS

Anselmino et al (2013)

(x ) Q 24 - V2 z AN D(z)=4z H,""@(z) Q®=2.41 GeV?
1 Ge

0_3 S N
0.2 4 \. - © | |
0.1 F S .
N " o 01F -
0 p————————— ) = [ 1
] <] L
'01 " -: N .
’ ’ i 0
0 I T I ®
© 01t v ] a -01} ]
] = 1| | |
02 F POLY 2013 —— . <] POLY 2013 i
o3 b 2D 2018 = Y L. STD2018 ——
X
A

_Transversity IS very similar
Collins FF is slightly different
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What about Kaons?

HERMES PROTON COMPASS PROTON
0.15 | 0.15 |
0.1} 0.1}
£ 005} 2 005f
%fb— 0 5E§p— 0 7
'<77<(D -0.05 F 'E<D -0.05 f
0.1 F + T 1 0.1
-0.15 | + + 1 -0.15 |
0.15 | K + + 1 0.15 | K T
0.1 | + } 1 4 0.1} + s
2 005} 2 005} , -
h I_L,L,l—ff]l:"'”i/x L,L;: _ _ = I, - ; ,,,I/' 1 __ I ______; P T
A 3 55y B S I S £ 25 S S 7 & 0 I LI Tl
a2 -0.05 | i T % { 22 -0.05 | ¢ 1 T 1 .
0.1 F 0.1 | + 1 i
-0.15 | + + ] -0.15 |
0 0.1 0.2 03 02 04 06 08 0.5 1 1.5 0.01 0.1 02 04 06 08 0.5 1 1.5
Xg zZ, Pt [GeV] Xg zZ, Pt [GeV]

Disfavoured fragmentation is not determined by SIDIS
Positive favoured fragmentation

.Jeffergon Lab



Beyond LO

Our extraction is based on LO (tree level) TMD factorization without
evolution

Hard scales of SIDIS and e+e- are quite different

Q%IDIS ~ 110 (G€V2)

So far we used only DGLAP
> evolution in corresponding
collinear input functions

2, ~ 100 (GeV?)

ete—

4effergon Lab



Beyond LO

Our extraction is based on LO (tree level) TMD factorization without
evolution

Hard scales of SIDIS and e+e- are quite different

Q%IDIS ~ 110 (G€V2)

So far we used only DGLAP
> evolution in corresponding
collinear input functions

2, ~ 100 (GeV?)

ete—

Evolution is nheeded - next lecture!

.gefferé)on Lab



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71

